Three distance methods including two hierarchical clustering methods [average linkage (UPGMA) and Neighbor Joining, NJ] and one non-hierarchical ordination method (Multidimensional Scaling, MDS) were used to analyze data sets including taxa of known hybrid origin and their parents. Whereas goodness of fit measures indicated reduced success of MDS and parsimony analyses with increasing numbers of hybrids, neither UPGMA nor NJ analyses were affected by number of hybrids. Compared to analyses with the same number of taxa, all of which were species, goodness of fit measures indicated that all analytic methods had more difficulty handling species than hybrids. These measures are unlikely, therefore, to provide any signal of the presence of hybrids. Results were also compared in terms of placement of hybrids relative to parents and other taxa. UPGMA (and raw distance values) reliably placed many hybrids closest to one or both parents. In contrast, NJ placed hybrids in the same manner as parsimony: usually as the basal member of a lineage in~luding one or both parents along with other taxa. These results support the idea that NJ yields topologies that are similar to explicit phylogenetic methods. However, in the special case of hybrids, these topologies, in parallel with those from parsimony analyses, provide no indication of the presence or special evolutionary history of hybrids. If identification of hybrids is the goal, these results suggest that pairwise distances are more useful than any of the methods explored.
Hybrids pose many challenges for systematists. They may blur species boundaries, making delimitation of species problematical. Their reticulate evolutionary histories defy the assumptions of methods currently used to reconstruct phylogenetic patterns. Depending upon the frequency, nature (i.e., degree of relationship between parental taxa), (lnd fate of hybrids (e.g., sterile Fls, species-rich lineages of hybrid origin), it may not be possible to reconstruct the phylogenetic history of living organisms using methods that presume divergence (e.g., Cronquist 1987; Hull 1979) . At the same time, hybridization is undoubtedly part of the evolutionary history of living organisms and phylogeneticists must recognize and deal with it if life's history and the processes that have generated that history are to be understood.
Evaluating the 'hybrid problem' demands progress on at least three related fronts. First, progress must be made in detecting hybrids, including those with long or complex histories. Second, better estimates are needed of the incidence and nature of hybridization. Third, the impact of hybrids on the analytic methods used by systematists must be understood and new methods may need to be developed for hybrids. This paper is a contribution to the third aspect of the 'hybrid problem,' building on earlier work using members of Aphelandra (Acanthaceae) (McDade 1990 (McDade , 1992 . Character patterns of hybrids were compared to those of their parents to generate predictions about phylogenetic placement of the hybrids (McDade 1990 ). These predictions were tested by adding the hybrids to phylogenetic analyses and evaluating their impact in terms of measures of "success" (e.g., consistency index) (McDade 1992) . The impact of hybrids was also examined in terms of their placement and impact on placement of other taxa. Finally, the idea that phylogenetics might help to identify hybrids was evaluated. The present paper extends this work to examine the treatment of these same hybrids by three distance methods.
In contrast with phylogenetic methods that analyze character data directly, distance methods use similarity (or distance) values that summarize character data as pairwise comparisons either between taxa or characters. Distance methods have long been used in systematics and other biological disciplines to summarize data and compare taxa (e.g., Stuessy 1990 and references therein; Mayer and Soltis 1994; Giannattasio and Spooner 1994; Taylor et al. 1994; Dolan 1995) . Beginning with Anderson's (1936 Anderson's ( , 1949 classic work, distance methods have been used to document and illustrate character patterns in hybrids compared to their [Volume 22 parents (e.g., Barrett and Rhodes 1976; Whiffin 1977; Edmonds 1978; Small 1981) , and to support hypotheses of reticulate origin (e.g., Knops and Jensen 1980; Doyle and Brown 1985; Peterson et al. 1990; Diaz Lifante and Aguinagalde 1996; Lowe and Abbott 1996) . The treatment of hybrids by distance methods has been examined by Heiser et al. (1965) , Schilling and Heiser (1976) , Neff and Smith (1978) , Adams (1982) and Brochmann (1987) . This paper extends these last works by comparing the "success" (as indicated by goodness of fit measures) of distance methods in handling hybrids versus species, by comparing the placement of hybrids by distance and phylogenetic methods, and by including a recently developed distance method, Neighbor Joining. Four main questions are addressed. 1) How do distance methods compare in their handling of hybrids? 2) How do distance methods compare to parsimony in the treatment of hybrids? 3)\ How do these methods compare in handling hybrids versus species? 4) Do distance metb-ods treat hybrids in a way that)s useful for identifying them?
MATERIALS AND METHODS
Taxa. The taxa included in this study are as described by McDade (1990 McDade ( , 1992 . The core group includes 12 Central American species of the monophyletic Aphelandra pulcherrima complex (Acanthaceae; McDade 1984) . The second group of taxa includes 17 synthesized Fl hybrids. Hybrids were made as described by McDade (1984) using nine Central American species as parental taxa (all are diploids with 2n = 28). The third group of taxa used in this study comprises 15 South American members of the A. pulcherrima complex. For clarity, species will herein refer to naturally occurring plants that are presumed to be products of divergent evolution; hybrids will refer to experimentally produced plants of known parental origin; taxa and OTU's (Operational Taxonomic Units) will be used more inclusively to refer to species, hybrids, hypothesized ancestors, or to combinations of these. Appendix 1 lists all taxa included in this study and serves as a key to acronyms.
Characters. Plants of all taxa were scored for 50 morphological characters (Appendix B in McDade 1990) as described by McDade (1990) . The 50 characters include 19 binary characters, and 19 with three, 10 with four, 1 with five, and 1 with six states. For distance analyses, each multistate character (i.e., those with >2 states) was recoded as an additive series of binary characters (Sneath and Sokal 1973: 150) to yield a total of 96 binary characters. The full data set is available from the author.
Data Sets. The basic character-by-taxon matrix consists of 13 OTU's: 12 Central American species of Aphelandra plus a hypothetical ancestor that has the putatively primitive states for the lineage as determined by out-group analysis (McDade 1984) . To test the impact of hybrids on analyses using distance methods, data sets with these 13 OTU's plus one to five hybrids were generated as follows. For data sets with one hybrid, each of the 17 hybrids was added singly to yield 17 data sets with 14 OTU's. Data sets with two to five hybrids (for a total of 15 to 18 OTU's) were assembled by sampling the set of 17 hybrids randomly and without replacement (i.e., the same hybrid could be added only once to a given analysis). Twenty replicate data sets of each size (Le., 15-18 OTU's) were assembled. This yielded a total of 97 data sets including hybrids (i.e., 17 with one hybrid, and 20 replicates with 2, 3, 4, or 5 hybrids each); these data sets included a total of 297 hybrids [17+(2x20+ ... +5x20)].
Because number of taxa may affect the performance of tree-building methods independent of other factors (e.g., Sanderson and Donoghue 1989) , drawing conclusions from analyses with hybrids requires comparison with analyses involving the same number of OTU's, all of which are species. These "control" data sets were devised using 15 South American species of the same lineage. Data sets with 14 OTU's were generated by adding these 15 species one at a time to the basic set of 13 OTU's. Data sets with 15-18 OTU's were created by sampling the 15 South American species randomly and without replacement to devise 20 replicate data sets of each size. For detailed discussion and justification of this approach, see McDade (1992 McDade ( : 1331 . Also to avoid conclusions related to number of taxa rather than to analytic differences, the hypothetical ancestor was included in all analyses.
Analyses. Character by taxon matrices were converted to taxonomic distance matrices using the SIMINT program of NTSYS (Rohlf 1993) ; taxonomic distance is simply Euclidean distance averaged over all characters. Each matrix was analyzed using two clustering procedures: average linkage (unweighted pair-group method, UPGMA; SAHN program, NTSYS), and Neighbor Joining (N]OIN) . The phenogram from each analysis was used to generate a distance matrix using the cophenetic program (COPH). This second matrix was compared to the original distance matrix using the matrix comparison program (MXCOMP). The resultant matrix correlation coefficient (MCC) measures the goodness of fit of distances derived from the phenogram to the original distance matrix, with one indicating a perfect match and lower values indicating that placing the taxa in a phenogram distorted the original distances to a greater or lesser extent. This metric has frequently been referred to as the cophenetic correlation coefficient.
Phenograms produced by clustering methods were inspected to devise placement categories that describe the position of hybrids relative to other taxa. Hybrids were tabulated in these placement categories by distance method and by number of hybrids in analyses. Statistical analyses used SAS for PC (SAS Institute 1988) and StatView for Mac (Abacus Concepts 1992) .
The matrices were also analyzed using nonmetric multidimensional scaling (MDSCALE program,~_ MDS; Kruskal 1964a,b) . This ordination technique produces an n dimensional 'map,' with each taxon positioned relative to other taxa to minimize distortion to the original distance matrix. Rohlf (1993) discusses the relative merits of MDS and some other ordination methods. Goodness of fit is measured by stress in this method, with 0 indicating perfect fit between the original matrix and the pairwise relative locations of taxa in the configuration space (i.e., the 'map'), and higher values indicating that distances read from the 'map' distort the original distances to a greater or lesser extent. In this study, only two dimensions were used; there was little reduction in stress with more dimensions and results are readily visualized in two dimensional space.
RESULTS

Impact of Hybrids on 'Goodness of Fit' Indices.
For both UPGMA and Neighbor Joining (NJ), MCC was not affected by increasing number of hybrids (Table 1 ). In contrast, stress increased with increasing number of hybrids in the MDS (Multidimensional Scaling) analyses (Table 1 ). For two of the three methods, adding species had significant impact on the relevant index: MCC declined with increasing number of species (UPGMA) and stress increased (MDS) ( Table 1) . Paired comparisons of analyses with the same number of OTU's, one to five of which are either hybrids or species, indicates that analyses with hybrids were more "successful" (i.e., higher MCC, lower stress) than analyses with the same number of added species (Table 1) .
UPGMA and NJ Topologies, Species Only. Although my primary goal was not to compare distance methods to parsimony as tools for reconstructing phylogenies, it is instructive to compare briefly the results for species alone (Figs. 1-3 ). Note that both distance methods (Figs. 2,3) clustered HA with CA, rather than with DA as in the parsimony result (Fig. 1) . This reflects the fact that although CA and HA are similar, DA and HA share a number of synapomorphies supporting their relationship as sister taxa. This is an example of the circumstances in which distance methods will mislead about phylogenetic relationships (Farris 1977 ; see also Wiley 1981) . For parallel reasons, distance methods (Figs. 2, 3 ) placed the lower five taxa "upside down" compared to parsimony (Fig. 1) . Table 2 summarizes the placement of hybrids by UPGMA and NJ, and compares these results to those from parsimony analyses (McDade 1992, unpubl. data) . Each category of placement is described below and illustrated (Figs. 4-6, 7-10). As noted above, the hypothetical ancestor was included in all analyses to avoid differences based on number of taxa. Phenograms produced by UPGMA, however, are "rooted" by the maximum distance between taxa. The ancestor will appear at the root only if it is maximally distant from other taxa; otherwise it will be placed internally (note arrows in Figs. 2, 4-6).
Placement of Hybrids by Distance Methods.
UPGMA placed about half of the total of 297 hybrids closest to one or both parents (139 hybrids, 47%; placement categories la, lc, Table 2 ). Sixty one of these were placed between the two parents in a three taxon cluster (la, Table 2 Table 2 ; e.g., PAxSI with SI, Fig. 4 ; GOxLE with LE, Fig. 5 ). UPGMA placed 62 of the hybrids as the basal member of a multispecies cluster that included one or both parents (2a, Table  2 ; e.g., GOxSC basal to SC and PA, Figs. 4, 5) . Twenty six hybrids clustered with species that were not their parents (3a, Table 2 ; e.g., SlxGR with TE, Fig. 5) ; only 3 were placed as the basal member of a multispecies cluster that did not include at least one of the parents (4, Table 2 ). Sixty seven hybrids clustered with one or more other hybrids (3b, Table  2 ; e.g., GOxSC, PAxGO, SlxSC, Fig. 6 ).
In contrast, Neighbor Joining (NJ) placed about half (135; 2a, Table 2 ) of the 297 hybrids basally in a TABLE 1. Impact of hybrids and species on three distance methods: Clustering using UPGMA (A) and Neighbor Joining (NJ) (B) , and ordination using multidimensional scaling (MDS) (C). For the clustering methods, data are matrix correlation coefficient (MCC); for MDS, stress (i.e., distortion to the original distance matrix resulting from mapping of the taxa). Number of OTU's is 13 (12 Central American species of Aphelandra plus hypothetical ancestor) plus one to five added hybrids or South American species. Except for the single result for analyses with 13 OTU's, data are means and standard deviations (SD) based on sample sizes of 17 and 15 analyses with one added hybrid or species, and 20 for analyses with 2-5 added taxa. The results of ANOVA to determine the effect of increasing numbers of hybrids or species are presented immediately below each row of data (ns not significant, *P < 0.05, **p < 0.01; ***P < 0.001). Means with the same letter are not significantly different at the 0.05 level (Scheffe a posteriori F-test). The results of paired comparisons of analyses using the same method and with the same number of OTU's (e.g., analyses using UPGMAwith 1 added hybrid or 1 added species) are presented as the final row for each analytical method. 
Paired comparison
Number of OTU's (Number of hybrids or species added)
14 (1) 15 (2) 16 (3) 17 (4) 18 (5) 0 Fig.  7 ; GOxLE basal to a cluster including LE, Fig. 8 ; GOxSC basal to clusters with GO and SC, respectively, Figs. 8, 9; LExCA basal to clusters including CA, and LE and CA, respectively, Figs. 9, 10; PAxLE basal to a cluster with LE, Fig. 10 ). NJ placed only 83 of the hybrids closest to one or both parents: 39 in a cluster of three with both parents (la, Table 2 ; e.g., PAxSC and SCxPA with PA and SC, Figs. 7, 8, respectively) and 44 closest to one parent (lc, Table  2 ; e.g., PAxSI with SI, Fig. 9 ). NJ placed 30 hybrids closest to a species that was not one of the parents (3a, Table 2 ; e.g., GOxLE with ST, Fig. 7 ; SlxGR with TE, Fig. 8) ; only 2 were placed as the basal member of a multispecies cluster that did not include one of the parents (4, Table 2 ). Sixty seven hybrids clustered with other hybrids (3b, Table 2 ; e.g., SCxSl, SlxSC, Fig. 10 ). Parsimony yielded multiple equally parsimonious trees more frequently than distance methods (but the NTSYS algorithms that were used are capable of finding multiple trees unlike some computer packages; Backeljau et al. 1996) . The placements involving polytomies in Table 2 reflect the fact that results were summarized as consensus trees when this occurred. Like NJ, parsimony placed relatively few hybrids with one or both parents. When parsimony placed hybrids with one or both parents, this result was likely to be "muddied" by inclusion of other taxa (or hybrids) in consensus trees derived from multiple equally parsimonious trees. Parsimony and NJ were much more likely to place hybrids as the basal member of a lineage/cluster with one or both parents plus other taxa than was UPGMA.
For the UPGMA analyses, increasing the number of hybrids present resulted in 1) reduction in the number clustering with one or both parents (from 70% with 1 hybrid to 33% in analyses with 5 hybrids) and 2) increase in the number clustering with other hybrids (from 5% with 2 hybrids to 40% with 5 hybrids) (data not shown). The same pattern emerged from NJ analyses except that overall fewer hybrids were placed with one or both parents (35% with 1 hybrid, 18% with 5 hybrids) or with other hybrids (5% and 28% with 2 and 5 hybrids, respectively). In contrast, parsimony did not tend FIGS. 4-6. Phenograms produced by UPGMA depicting phenetic relationships among members of the Aphelandra pulcnerrima complex and their hybrids (parental abbreviations connected by x; scale bar is phenetic distance; arrows indicate clustering level of hypothetical ancestor). Note clustering of LExCA (Fig. 4) , SCxPA (Fig. 5) , and SIxTE ( Fig. 6 ) with both parents; clustering of PAxSI (Fig. 4) and GOxLE ( Fig. 5) with one parent; clustering of GOxSC (Figs. 4,5) as the basal member of a cluster with one parent; clustering of SIxGR with a non-parental species, TE (Fig. 5) ; and clustering of the hybrids SIxSC, PAxGO, and GOxSC with each other (Fig. 6 ). All abbreviations for taxa are as in Appendix 1.
to place hybrids exclusively with other hybrids. Instead, with increasing number of hybrids, there were more polytomies involving one or both parents and other taxa. For all three methods, number of hybrids placed basally to a cluster/ lineage with one parent and those placed with other species was not affected by number of hybrids (data not shown).
Placement with One or Both Parents. Table 3 summarizes the performance of the three methods in placing hybrids with their parents. Both NJ and parsimony placed fewer than half of the hybrids with one or both parents, with little change as number of hybrids increased. In contrast, UPGMA placed almost 3/4 of hybrids with one or both parents when hybrids were added singly. Fewer hybrids were placed in this position in analyses with more hybrids, but even with three, more than half of hybrids were so placed.
Raw distance performed even better than UPGMA (Table 3 ): more than 3/4 of hybrids were least distant from one or both parents in analyses with one or two hybrids, and even with five added hybrids, 40% were least distant from one or both parents. This point is made in the context of the entire set of pairwise distances between taxa in Fig.  11 . Note that some parent-hybrid pairwise distances are among the lowest, and that all parenthybrid distances are distributed in the lower half of the entire range of distances. Especially useful for identification of hybrids are cases in which the two most similar taxa are the two parents. The proportion of hybrids that stand in this relation to their parents decreases with increasing number of FIGS. 7-10. Phenograms produced by Neighbor Joining depicting phenetic relationships among member of the Aphelandra pulcherrima complex and their hybrids. Scale bars are linkage levels. Note clustering of PAxSC, SIxTE (Fig. 7) , and SCxPA (Fig. 8) with both parents; clustering of PAxSI ( Fig. 9) with one parent; clustering of SCxST (Fig. 7) , GOxSC, GOxLE (Fig. 8) , LExCA, GOxSC (Fig. 9) , and PAxLE, LExCA (Fig. 10) as the basal member of a cluster with one or both parents; clustering of GOxLE (Fig. 7) and SIxGR ( Fig. 8) with non-parental species ST and TE, respectively; and clustering of the hybrids SCxSI and SIxSC with each other (Fig. 10) . All abbreviations for taxa are as in Appendix 1. hybrids (Table 3 , raw distance, 2 parents) for the same reason that placement with other hybrids increases with number of hybrids in the UPGMA analyses: as more hybrids are added, they are often more similar to each other than to their parents (note thaf some hybrid-hybrid pairwise distances are among the lowest in Fig. 11 ). Moreover, seven hybrids were never most similar to both of their parents, even in analyses with only one hybrid. 12-17. Non-metric multidimensional scaling maps of relationships among members of the Aphelandra pulcherrima complex (locations marked *) and their hybrids (locations marked X and labeled with parental abbreviations connected by x). All abbreviations for taxa are as in Appendix 1. hybrids, they provide insight into the placement of hybrids by clustering techniques. In Fig. 13 , SCxPA 'is mapped between its two parents. Given that these taxa are closer to each other than to any other taxa, it is not surprising that they form a cluster in all UPGMA and NJ analyses that included the hybrid. LExCA is also placed between its parents (Fig. 14) , and UPGMA almost always placed these three taxa in a cluster. However, CA is also close to HA in Fig. 13 , providing insight into the placement of LExCA by NJ as the basal member of a cluster with CA, HA and DA (LE was more basal to that cluster). PAxSI is an example of a hybrid that was reliably clustered by both UPGMA and NJ with one parent; from Figs. 15-17, it will be clear that this parent was SI.
Placement of Hybrids by Multidimensional Scaling (MDS). .MDS yields map-like diagrams that summarize the pattern of relationships (Figs. 12-17). Although such maps do not readily lend themselves to quantitative analysis of placement of
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MDS maps clarify the behavior of hybrids that did not cluster with their parents. Such hybrids were between parents whose intervening map space is occupied by other species (e.g., SIxGR, Fig.  16 ; GOxLE, Fig. 17 ). These hybrids tend to be intermediate between their parents and most similar to one of these intermediate taxa [i.e., TE (Fig. 16), ST (Fig. 17) ]. MDS maps also illustrate the phenomenon of hybrids clustering together. This was especially frequent in analyses involving three or more hybrids, and those including hybrids with SC, PA or LE as one parent (e.g., SCxST, SIxSC, PAxGO, Fig. 13 ; SCxSI, PAxGO, Fig. 14 ; GOxLE, LExSI, Fig. 15 ).
DISCUSSION
Choice of Clustering Methods. UPGMA has been and continues to be used extensively by systematists (see Stuessy 1990 and references therein; Huelsenbeck 1995) ; this is reflected by its inclusion in several recent studies comparing the performance of tree-building methods (e.g., Huelsenbeck and Hillis 1993; Kim 1993; Huelsenbeck 1995) . Neighbor Joining is a recently developed method (Saitou and Nei 1987) that is less intensive computationally than methods that compare many trees (Kumar 1996) and thus appealing to those grappling with large data sets (e.g., Barker et al. 1995; Clark et al. 1995; Comas et al. 1996;  [Volume 22 Goremykin et al. 1996) . Like UPGMA, NJ has been included in recent comparative studies of phylogenetic methods.
Impact of Added Hybrids and Species on Distance and Parsimony Methods.
The clustering methods (UPGMA, NJ) were unaffected by addition of hybrids (MCC values in Table 1 ). In contrast, with increasing number of hybrids, stress involved in MDS increased and consistency index (CI) of parsimony results decreased. All four analytic methods had more trouble handling species than hybrids, as indicated by appropriate goodness of fit measures (Table 1; Table 1 in McDade 1992) . Regardless of method, we can thus expect no signal of the presence of hybrids in the form of reduced measures of goodness of fit. This runs counter to the idea that hybrids should pose difficulties for analytic methods (e.g., Hill and Crane 1982; Humphries 1983) . However, it is intuitive that, because hybrids are frequently intermediate between their parents, the pattern of pairwise dist'lTIces between hybrids and other t~xa should be congruent with the set of such distances for parental taxa alone. Stated in terms of characters, hybrids do not usually bring novel patterns of derived states (as do newly included species), but instead bring a mix of mostly intermediate and some derived states that are already present in the taxa under consideration.
Placement of Hybrids by Distance and Parsimony Methods. The main difference between UPGMA and NJ in placement of hybrids is that the 'former placed more hybrids with at least one parent. Most hybrids that were placed with one or both parents by UPGMA were placed by NJ as the basal member of a cluster with one parent. Parsimony and NJ tended to place hybrids in a similar fashion: both methods placed few hybrids with one or both parents and instead tended to place hybrids as the basal member of groups that included at least one parent. The main effect on both distance methods of increasing number of hybrids was to reduce the number clustering with parents and increase those clustering with other hybrids. Hybrids that clustered with other hybrids were usually between the same or closely related parents. These are the hybrid-hybrid pairwise distances that are among the lowest in the entire set of such distances (Fig. 11) .
The two distance methods were fairly consistent in terms of which hybrids were placed with non-parental taxa and the MDS results confirm that these are hybrids between parents whose intervening map space is occupied by other taxa. As intermediates between their parents, these hybrids "look" like taxa that occupy the intervening space. In Fig. II , these are the species-hybrid distances that are among the lowest in the entire set. The placement of these hybrids by either distance method was not affected by number of hybrids in an analysis.
In terms of placement of hybrids by clustering methods, the results presented here largely concur with previous work although, to my knowledge, hybrids have not been previously investigated using NJ. Hybrids of known parental origin are usually placed with one or both parents (e.g., Heiser et al. 1965; Bemis et al. 1970; Rhodes et al. 1970; Barrett and Rhodes 1976; Schilling and Heiser 1976; Edmonds 1978) , and hybrids that share one parent often cluster together (e.g., Heiser et al. 1965; Barrett and Rhodes 1976) . Hybrids between distantly related parents may be placed far from either parent (e.g., Schilling and Heiser 1976) , sometimes affecting other taxa in an analysis (e.g., Rhodes et al. 1970) . Although not identified as such by these authors, such hybrids appear often to be placed proximately to taxa that occupy the intermediate space between their distantly related parents, as documented here.
In MDS and similar non-hierarchical graphical methods, hybrids generally fall between their parents (e.g., Wirth et al. 1966; Barrett and Rhodes 1976; Edmonds 1978; Johns et al. 1987) , and hybrids with the same or closely related parents are placed proximately (e.g., Barrett and Rhodes 1976) . Wirth et al. (1966) point out that patterns of relationship between parents and non-hybridizing taxa, and also similarities between parental species can, as in this study, result in placement of hybrids closer to non-parental than parental taxa.
There is also a large literature on the handling of individuals of hybrid origin by ordination methods showing that hybrids are generally placed between clusters of individuals of the parental species. Neff and Smith (1978) and Adams (1982) , in particular, provide excellent overviews of the treatment of hybrids by several ordination methods (see also Schilling and Heiser 1976; Whiffin 1977; Knops and Jensen 1980; Small 1981; Brochmann 1987; Mayer and Mesler 1993) .
Identification of Hybrids. Analytic methods most useful in identifying hybrids and parents are those that place them predictably. Placement of hybrids with one or both parents may be a particularly useful outcome, especially if a hypoth-esis exists regarding hybridity. UPGMA was much more likely to associate hybrids with one or both parents than were NJ or parsimony. However, raw distance values were even better than UPGMA. Similar results were reported by Bemis et al. (1970) and Barrett and Rhodes (1976) . If recognition of hybrids is the goal, one should simply calculate a distance matrix and use it to locate taxa closest to the putative hybrid or, vice versa, taxa closest to putative parents. These results also argue for inclusion of unique or autapomorphic characters in data sets: when hybrids are involved, such characters are likely to increase the strength of the "signal" linking hybrids to parents. Hybrids that are likely to be most difficult to recognize are those between parents whose intervening phenetic space is "filled" with other taxa. Such hybrids will be most similar to these intermediate, non-parental taxa.
Many authors have suggested that the treatment of putative hybrids (or their putative parents) by distan~e methods can support or refute a hypothesis of hybrid origin. Placement of putative hybrids with one or both parents by clustering methods or placement proximate to or between the parents in non-hierarchical methods such as MDS is taken as support for such hypotheses. Failure to place putative hybrids thusly constitutes refutation of the hybrid hypothesis (e.g., Rhodes et al. 1970; Petersen et al. 1990 ). Edmonds (1978) has argued that the results of non-hierarchical clustering methods, in particular, yield suggestions of "plausible ancestors."
Rarely articulated is that the foregoing makes implicit assumptions about character patterns of hybrids: they will be intermediate. Although hybrid intermediacy is often taken as axiomatic [e.g., Sneath (1976) describes the predictive use of hybrid intermediacy to permit plant breeders to select parents whose offspring will have desirable characteristics], there are certainly genetic and environmental effects that can produce hybrids that are not intermediate. Further, use of any character system or method to identify individuals or taxa of hybrid origin requires an explicit hypothesis regarding hybridity that can be tested. Absent such a hypothesis, only a pattern of characters (or of analytic behavior of characters) that is exclusively compatible with hybrid origin would permit identification of hybrids. As pointed out by Spooner et al. (1995) , in the absence of the latter, results are only consistent with hypotheses regarding hybridization and do not permit exclusion of other explanations. Others have noted that results of distance methods are suggestive but not conclusive regarding hybrid origin (e.g., Schilling and Heiser 1976) .
The Special Case of Neighbor Joining. It is noteworthy that whereas hybrids were placed quite differently by NJ compared to UPGMA, they were placed very similarly by NJ and parsimony. This is presumably because, although the distant matrices input to NJ were identical to those used for UPGMA, NJ begins by modifying this matrix to reduce the impact of highly divergent taxa (Swofford et al. 1996) . UPGMA has been shown in a number of other studies to function poorly in recovering phylogenies (Huelsenbeck and Hillis 1993; Huelsenbeck 1995) , whereas NJ has been shown to be as effective as algorithms that work from character data O-Iuelsenbeck and Hillis 1993; Huelsenbeck 1995; Nei et al. 1995; Russo et al. 1996) . In effect, the results reported here are an additional instance (i.e., handling of hybrids) in which NJ yields results similar to phylogenetic methods, confirming NJ as a method for phylogeny estimation. However, none of these methods correctly reconstructs the reticulate history of hybrids. Placing hybrids predictably with parents, as does UPGMA, would seem the next best outcome if one wishes to identify hybrids and parents. The placement of hybrids by parsimony and NJ would provide no basis for recognizing them.
It should also be noted that results of the NJ analysis of the Aphelandra species alone was not congruent with the parsimony result (Figs. I, 3) . The handling of morphological data by NJ compared to parsimony has not been explored (the references cited above comparing NJ to other methods used real or simulated molecular data). For divergently evolving taxa and morphological data, it is possible that NJ may not yield results comparable to explicitly phylogenetic methods.
Extending These Results. It must be emphasized that these results apply only to Fl hybrids and to hybrids stabilized with the characteristics of Fl's (e.g., allopolyploids). The character patterns and thus pattern of pairwise distances of hybrids with more complex evolutionary histories are difficult to predict. In any case, once hybrid lineages have stabilized as independently evolving entities, they will begin to accumulate unique characteristics. It seems likely that this will ultimately make them indistinguishable from other non-hybrid taxa by any method.
It must also be reiterated that these results
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address only some of the issues involved in assessing the role of hybridization in plant evolution. In exploring the treatment of hybrids by distance methods, I have shown that none of the methods is a silver bullet. However, UPGMA and raw distance data may be useful in testing hypotheses of hybrid origin and thus may help to make progress in detecting hybrids. Many exciting advances are being made at the present in documenting hybrids: the classical work on hybrids using morphological characters is being actively extended using molecular evidence of several types (e.g., Soltis and Soltis 1989; Talbert et al. 1990; Rieseberg et al. 1990 Rieseberg et al. , 1996 Wendel et al. 1991 Wendel et al. , 1995 . On the other hand, remarkably little progress has been made in documenting lineages above the species level that are of hybrid origin. The Sax-Stebbins hypothesis of hybrid origin of maloid roses is generally supported by chromosome, allozyme, and phytochemical data (e.g., Challice 1973 Challice , 1981 Chevreau et al. 1985; Phipps et al. 1991) . Ho~ever, a hybrid origin for Br0!lleliaceae, as suggested by Gilmartin and Brown (1987) , is less clearly supported and is no longer held to be tenable (G. K. Brown, pers. comm.). It is remarkable that, although angiosperms are the flagship taxon for studies of hybridization, there are few documented cases of higher level taxa of hybrid origin.
To understand the role of hybridization in plant evolution, we also need estimates of the past and present incidence and nature of hybridization. I have estimated the incidence of hybridization by surveying botanical monographs (McDade 1995a) . This survey suggested that 10% of angiosperm species are involved in hybridization, but most (90%) of these instances of hybridization were judged by monographers to be evolutionarily inconsequential. Fewer than 5% of species included in the monographs surveyed were judged to be of hybrid origin. A parallel survey of biosystematic floras suggested that between six and 16% of genera in these floras include hybridizing species (Ellstrand et al. 1996) . Both of these studies support the notion that hybridization is unevenly distributed among angiosperms, with some groups very hybrid-prone and others devoid of detectable hybrids. These sorts of surveys of course cannot provide data on the equally important issue of the incidence of hybridization in the history of higher level lineages.
Perhaps as important as the incidence of hybridization is degree of relationship between species that give rise to hybrids. I have argued that hybridization between close relatives is unlikely to have much impact on our ability to reconstruct evolutionary patterns whereas frequent hybridization between distant relatives would be far more serious (McDade 1992 (McDade , 1995a . The relationship between hybridizing species could not be addressed by the survey described above because few monographs included explicit phylogenetic hypotheses. Such information should become available as more monographers place their results in a phylogenetic framework.
In sum, despite substantial progress, I would argue that we do not yet know enough to assess the importance of hybridization in the evolutionary history of angiosperms. There is little doubt that molecular data combined with phylogenetic analysis will permit rapid progress in the near future. However, even as we adopt these approaches to hybrids, it is important to maintain older methods for acquiring and analyzing systematic data, as well as to look to the development of new data gathering and analytic methods. It seems likely that major progress will come from combining data gathered from many sources and from bringing the full tool chest of analytic techniques to bear on the 'hybrid problem.' ACKNOWLEDGEMENTS. Field work to collect South American species of Aphelandra was supported by NSF DEB BSR-8507517. I thank J. G. Lundberg and two anonymous reviewers for careful reading of an earlier draft, J. Kim 
